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(57) Abstract: A controller area network receiver (200) includes a measurement circuit (204), a filter circuit (206), and a frame detection
circuit (202). The measurement circuit (204) is coupled to a bit stream input terminal (258), and includes a timer circuit (230) and error
calculation circuitry (231). The timer circuit (230) is coupled to the bit stream input terminal (258) and a reference clock generator circuit
(209). The error calculation circuitry (231) is coupled to the timer circuit (230). The filter circuit (206) is coupled to the measurement
circuit (204), and includes error clipping control circuitry (242) and clock period adjustment circuitry (207). The error clipping control
circuitry (242) is coupled to the error calculation circuitry (231). The clock period adjustment circuitry (207) is coupled to the error
calculation circuitry (231) and the timer circuit (230). The frame detection circuit (202) is coupled to the filter circuit (206) and the

bit stream input terminal (258).

[Continued on next page]



WO 2020/046904 A1 {1110} 0000000 O 0 0

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))




WO 2020/046904 PCT/US2019/048300

CONTROLLER AREA NETWORK RECEIVER

BACKGROUND

{60011 The controller area network (CAN) 18 a senial data communication bus topology and
associated peertn-pesr message-based protocol defined by the international standards
organizadon (IS0} 11898 standard. CAN provides communication with bit rates up to 1 Mbit/s
for a variety of applications, including industrial, automotive, robotic, and motor control
sy sierms.

SUMMARY

[0002] A controller area network receiver that uses a low accuracy clock to receive a data frame
is disclosed herein. In one example, a controller area network receiver includes a measurement
circuit, a filter circuit, and a frame detection circuit. The measurement circuit is coupled to a bit
stream input terminal, and includes a timer circuit and error calculation circuitry. The timer circuit
is coupled to the bit stream input terminal and a reference clock generator circuit. The error
calculation circuitry is coupled to the timer circuit. The filter circuit is coupled to the measurement
circuit, and includes error clipping control circuitry and clock period adjustment circuitry. The
error clipping control circuitry is coupled to the error calculation circuitry. The clock period
adjustment circuitry is coupled to the error calculation circuitry and the timer circuit. The frame
detection circuit is coupled to the filter circuit and the bit stream input terminal.

[0003] In another example, a method includes measuring, by a controller area network receiver,
a time between a first falling edge of a packet and a second falling edge of a packet. An error in a
bit time of the receiver relative to bit time of the packet is determined, by the controller area
network receiver, based on the time between the first falling edge of the packet and the second
falling edge of the packet. Change in value of the error is limited, by the controller area network
receiver, based on previously acquired values of the error. The bit time of the receiver is adjusted,
by the controller area network receiver, based on the value of the error. Whether the packet is a
frame of controller area network data is detected by the controller area network receiver.
Parameters used to perform the limiting and adjusting stored responsive to a previously received

frame are restored based on the packet being determined to not be a frame of controller area
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network data.

[0004] In a further example, a controller area network receiver includes a measurement circuit, a
frame detection circuit, and a filter circuit. The measurement circuit includes a timer circuit and an
error calculation circuit. The timer circuit is configured to measure, a time between a first falling
edge of a packet and a second falling edge of a packet. The error calculation circuit is configured
to determine an error in a bit time of the controller area network receiver relative to bit time of the
packet based on the time between the first falling edge of the packet and the second falling edge of
the packet. The frame detection circuit is configured to detect whether the packet is a frame of
controller area network data. The filter circuit is coupled to the measurement circuit and the frame
detection circuit, and includes error clipping control circuitry, clock period adjustment circuitry,
and state storage circuitry. The error clipping control circuitry is configured to limit change in
value of the error based on previously acquired values of the error. The clock period adjustment
circuitry is configured to adjust the bit time of the receiver based on the value of the error. The
state storage circuitry is configured to restore, based on the packet not being a frame of controller
area network data, parameters of the filter generated in a previously received frame of controller
area network data

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] For a detailed description of various examples, reference will now be made to the
accompanying drawings in which:

[0006] Figure 1 shows a block diagram for an example system that includes a controller area
network (CAN) in accordance with the present disclosure;

[0007] Figure 2 shows an example CAN receiver in accordance with the present disclosure;
[0008] Figure 3 shows an example clipping circuit included in a CAN receiver in accordance
with the present disclosure;

[0009] Figure 4 shows an example nudge circuit included in a CAN receiver in accordance with
the present disclosure; and

[0010] Figure 5 shows a flow diagram for an example method for receiving a CAN packet in
accordance with the present disclosure.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0011] Certain terms have been used throughout this description and claims to refer to particular

system components. As one skilled in the art will appreciate, different parties may refer to a
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component by different names. This document does not intend to distinguish between components
that differ in name but not function. In this disclosure and claims, the terms “including” and
“comprising” are used in an open-ended fashion, and thus should be interpreted to mean
“including, but not limited to... .” Also, the term “couple” or “couples” is intended to mean either
an indirect or direct wired or wireless connection. Thus, if a first device couples to a second device,
that connection may be through a direct connection or through an indirect connection via other
devices and connections. The recitation “based on” is intended to mean “based at least in part
on.” Therefore, if X is based on Y, X may be a function of Y and any number of other factors.
[0012] Systems that implement the controller area network (CAN) are often power sensitive.
For example, some systems that provide communication via CAN are battery powered, and
reducing the power consumed by CAN circuitry can extend the operational life of such systems.
To reduce power consumption, CAN circuitry transitions to a low power state when not in use, and
monitors the bus for communication activity. When communication directed to the CAN circuitry
is detected, the CAN circuitry is fully powered.

[0013] In monitoring the CAN bus for communication activity, the CAN circuitry receives
packets transmitted via the CAN bus. Packet reception includes synchronization of bit sampling in
a CAN receiver with the bits transmitted via the CAN bus. Some CAN receivers include a crystal
oscillator that provides an accurate clock signal for use in sampling the bits transmitted via the
CAN bus. Crystal oscillators consume substantial power and the crystal oscillator remains active
while the CAN bus is idle to enable packet detection for waking up the CAN circuitry.

[0014] The CAN receivers disclosed herein provide packet reception without use of a crystal
oscillator. Accordingly, the power consumed by the CAN receivers may be reduced relative to
other implementations of a CAN receiver. The CAN receivers of the present disclosure operate
with a relatively inaccurate clock (e.g., up to +/-5% error with respect to a nominal clock
frequency) that can be implemented on-chip with the receiver circuitry and consume substantially
less power than a crystal oscillator. The CAN receivers are used to monitor the CAN bus for
activity and wake-up the CAN circuitry when communication is detected.

[0015] The CAN receivers measure the bit timing of the bits in a received packet by measuring
the time from dominant (falling) edge to dominant edge in the packet, and adjust the sampling time
applied to receive bits based on the measured time and the error in receiver bit timing with respect

to the measured bit times. The receiver timing locks to the packet timing within four packets. The
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CAN receivers identifty CAN-FD (CAN Flexible Datarate) packets and roll-back any updates to
receiver parameters made during reception of a CAN-FD packet by restoring receiver parameters
saved prior to reception of the CAN-FD packet. Thus, parameters applied in the CAN receiver are
not corrupted by CAN-FD packets or noise.

[0016] Figure 1 shows a block diagram for an example system 100 that includes a CAN in
accordance with the present disclosure. The system 100 includes device 102, device 104, and
device 106 that are coupled to and communicate via the wire pair 108. Termination resistor 114
and termination resistor 116 are disposed at the extremities of the wire pair 108 to reduce signal
reflections. The device 102, the device 104, and the device 106 include circuitry 110 for
transmitting and receiving data via the wire pair 108 in accordance with the CAN protocols
specified by the IS¢ 11898 standard. The cirouitry 110 mmcludes a CAN receiver 112, The CAN
receiver 112 monitors the wire pair 108 for signals transmitted by another device {e.g., the device
102 or the device 104) while other circuitry of the device 104 is in a reduced power state. On
detection of a CAN packet, the CAN recetver 112, or associated circutiry, wakes up the circuitry of
the device 104 to process the packet in some implementations.

[0017] The CAN recerver 112 mcludes g low accuracy oscillator {eg., +/-5% of a nominal
frequency for sampling the bits on the wire pair 108} that 1s used to generate timing for sampling
the bits on the wire pair 108, The UAN recerver 112 measures the bit timing of the bits in a
received packet by measuring the time from dominant (falling) edge to dominant edge (e.g., time
between consecutive falling edges) in the packet, and adjusts the sampling time applied to receive
bits based on the measured time and the error in receiver bit timing with respect to the measured bit
times. The CAN receiver 112 locks to the packet timing within four packets. The CAN receiver
112 identifies CAN-FD packets and rolls-back any updates to parameters affecting sample timing
made during reception of a CAN-FD packet by restoring receiver parameters saved prior to
reception of the CAN-FD packet. Because the CAN receiver 112 is able to receive CAN packets
using a low accuracy oscillator, rather than a crystal oscillator, the power consumption of the CAN
receiver 112 is reduced relative to CAN receiver implementations that use a crystal oscillator to
detect CAN transmissions while the device is in a reduced power state.

[0018] Figure 2 shows an example CAN receiver 200 in accordance with the present disclosure.
The CAN receiver 200 is an implementation of the CAN receiver 112. The CAN receiver 200

includes a frame detection circuit 202, a measurement circuit 204, a filter circuit 206, and a
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sampler circuit 208. The frame detection circuit 202 and the measurement circuit 204 are coupled
to a bit stream input terminal 258 via a glitch filter circuit 210 in some implementations of the
CAN recetver 200. The glitch filter circuit 210 blocks passage of pulses of less than a
predetermined duration from the bit stream input terminal 258 to the frame detection circuit 202,
the measurement circuit 204, and the sampler circuit 208.

[0019] The frame detection circuit 202 tests the packets received at the bit stream input terminal
258 to determine whether the packets are CAN frames. The filter circuit 206 is coupled to the
measurement circuit 204 and the frame detection circuit 202, and adjusts the timing of the CAN
receiver 200 for sampling received bits only with respect to CAN frames. For example, the frame
detection circuit 202 distinguishes CAN frames from CAN-FD frames, and enables adjustment of
the timing of bit reception based on CAN frames but not based on CAN-FD frames. The frame
detection circuit 202 includes multiple sampling circuits that sample an incoming packet at
different sampling rates. One or more of the sampling circuits samples the packet at a rate lower
than the nominal bit rate of the CAN frame, and one or more of the sampling circuits samples the
packet at rate higher than the nominal bit rate of the CAN frame. A frame detector is coupled to
each of the sampling circuits to determine whether a packet as sampled by the associated sampling
circuitis a CAN frame.

[0020] In the implementation of the frame detection circuit 202 shown in Figure 2, the frame
detection circuit 202 includes sampling circuit 212, sampling circuit 214, sampling circuit 216,
sampling circuit 218, frame detector 220, frame detector 222, frame detector 224, and frame
detector 226. The sampling circuits 212, 214, 216, and 218 are coupled to the bit stream input
terminal 258. The sampling circuit 212 is coupled to the frame detector 220, the sampling circuit
214 is coupled to the frame detector 222, the sampling circuit 216 is coupled to the frame detector
224, and the sampling circuit 218 is coupled to the frame detector 226. The frame detection circuit
202 also includes a voting circuit 228 that determines, based on the outputs of the frame detectors,
whether a packet is a CAN frame. The voting circuit 228 is coupled to the frame detector 220, the
frame detector 222, the frame detector 224 and the frame detector 226. If at the end of a packet,
any one or more of the frame detectors has determined that the packet is a CAN frame, then the
voting circuit 228 identifies the packet as a CAN frame. If at any time during reception of a
packet, all of the frame detectors determine that the packet is not a CAN frame, then the voting

circuit 228 deems the packet not a CAN frame. The results of packet identification are provided to
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the filter 206 for use in updating the filter 206.

[0021] The measurement circuit 204 measures the time from dominant edge to dominant edge in
a packet (e.g., a bitstream) received by the CAN receiver 200. The measurements are applied to
adjust the bit reception timing of the CAN receiver 200. The measurement circuit 204 includes a
timer circuit 230 and error calculation circuitry 231. The error calculation circuitry 231 is coupled
to the timer circuit 230. The timer circuit 230 is coupled to a reference clock generator circuit 209,
and applies a relatively inaccurate reference clock signal (e.g., +/- 5% accuracy relative to a
nominal frequency) generated to the reference clock generator circuit 209 to asynchronously
sample the bits of a packet. The timer circuit 230 measures the time from dominant edge to
dominant edge as a number of bits (CAN bits, where each bit is a predetermined number of clock
cycles), a number of counts (cycles of the reference clock signal), and an offset value (time less
than a clock cycle). The measurement values generated by the timer circuit 230 are provided to the
error calculation circuitry 231.

[0022] The error calculation circuitry 231 generates an error value (e.g., a percent error value)
based on the measurement values received from the timer circuit 230. The error value is a
measurement of error in the bit timing of the CAN receiver 200 versus the bit timing of the
received packet. The error calculation circuitry 231 includes, an error reference circuit 232, an
error size circuit 234, a percent error circuit 236, and an error clipping circuit 238. The error
reference circuit 232 determines thresholds to be compared to the measurement values provided by
the timer circuit 230 based on the number of bits measured by the timer circuit 230. For example,
the thresholds define 0.1 percent error references determined by multiplying the number of bits
measured by the timer circuit 230 by a predetermined number of clock cycles per bit. The error
size circuit 234 generates a value representing the error in receiver bit timing. For example, the
error size circuit determines a difference in the count and offset values measured by the timer
circuit 230 and an expected count and offset value for the number of bits received. The percent
error circuit 236 is coupled to the error reference circuit 232 and the error size circuit 234. The
percent error circuit 236 compares the error value generated by the error size circuit 234 to the
threshold values generated by the error reference circuit 232. The comparisons approximate
division by a 0.1 percent error reference to produce a percent error value 237 at an output 236A of
the percent error circuit 236.

[0023] The percent error circuit 236 is coupled to the error clipping circuit 238. The error
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clipping circuit 238 limits the percent error value 237 provided to the filter circuit 206 based on
feedback provided by the filter circuit 206. For example, the error clipping circuit 238 may limit
the percent error value 237 provided to the filter circuit 206 to be within a high range, a mid-range,
or low range, where the high range allows for relatively large change in the percent error value
237, the low range allows for a relatively small change in the percent error value 237, and the mid-
range allows for a medium change in the percent error value 237, where medium change is greater
than small change and less than large change.

[0024] Figure 3 shows an example error clipping circuit 300. The error clipping circuit 300 is an
implementation of the error clipping circuit 238. The error clipping circuit 300 includes a high
limiting circuit 302, a mid-limiting circuit 304, a low limiting circuit 306, and a multiplexer 308.
The multiplexer 308 is coupled to the high limiting circuit 302, the mid-limiting circuit 304, and
the low limiting circuit 306. The high limiting circuit 302, the mid-limiting circuit 304, and the
low limiting circuit 306 each process the percent error value 237 received from the percent error
circuit 236 to limit the value of the percent error value 237 to a respective range. For example, the
high limiting circuit 302 limits the percent error value 237 to a range of +/-32, the mid-limiting
circuit 304 limits the percent error value 237 to a range of +/-16, and low limiting circuit 306 limits
the percent error value 237 to a range of +/-8 in some implementations of the error clipping circuit
300. The multiplexer 308 selects the limited outputs of the high limiting circuit 302, the mid-
limiting circuit 304, and the low limiting circuit 306 based on the signal 262 (received at a select
input 308A) provided by the filter circuit 206 to generate the clipped percent error signal 264 at an
output 308B.

[0025] Returning now to Figure 2, the filter circuit 206 includes clock period adjustment
circuitry 207, sample registers 240 and error clipping control circuitry 242. The error clipping
control circuitry 242 is coupled to the sample registers 240. The sample registers 240 are coupled
to the percent error circuit 236, and the error clipping control circuitry 242 is coupled to the error
clipping circuit 238. The percent error circuit 236 generates large error signal 260 at an output
236B that indicates a large positive error or a large negative error in the timing of the CAN
receiver 200. In some implementations of the CAN receiver 200, a large error is an error greater
than the sampling error. The presence of large errors indicate that the relatively fast clock
adjustment is needed. The sample registers 240 stores multiple samples of the large error signal

260. The sample registers 240 shown in Figure 2 store four samples of the large error signal 260.
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The error clipping control circuitry 242 evaluates the large error values stored in the sample
registers 240 to generate the signal 262 at output 242A that controls the error clipping circuit 238.
An implementation of the error clipping control circuitry 242 operates as follows:
if (the sum of large negative errors > the sum of large positive errors), then the error
clipping control circuitry 242 selects a high range for negative clipping and
a low range for positive clipping in the error clipping circuit 238;
else if (the sum of large positive errors is greater than the sum of large negative
errors), then the error clipping control circuitry 242 selects a high range for
positive clipping and a low range for negative clipping in the error clipping
circuit 238;
else the error clipping control circuitry 242 selects a mid-range for positive clipping
and a mid-range for negative clipping in the error clipping circuit 238.
[0026] The clock period adjustment circuitry 207 includes sample registers 244, summation
circuitry 246, nudge circuit 248, summation circuitry 250, gain circuit 252, summation circuitry
254, and clock period reference circuit 256. The sample registers 244 are coupled to the error
clipping circuit 238 and the summation circuitry 246. The nudge circuit 248 is coupled to the
summation circuitry 246, the summation circuitry 250, the gain circuit 252, and the summation
circuitry 254. The clock period reference circuit 256 is coupled to the summation circuitry 254 and
the timer circuit 230. The sample registers 244 store multiple samples of the clipped percent error
signal 264 generated by the error clipping circuit 238. The sample registers 244 shown in Figure 2
store four samples of the clipped percent error signal 264. The summation circuitry 246 sums the
values of the clipped percent error signal 264 stored in the sample registers 244. The output 266 of
the summation circuitry 246 (i.e., the sum of the values stored in the sample registers 244) is
provided to the nudge circuit 248 and the summation circuitry 250. The summation circuitry 250
sums the output 266 of the of the summation circuitry 246 and the output 268 of the nudge circuit
248. The output 270 of the summation circuitry 250 (i.e., the sum of the output 266 and the output
268) is provided to the gain circuit 252. The gain circuit 252 multiplies the output 270 by a gain
factor (e.g., 1/16, 5/64, etc.) to produce output 272, which defines an adjustment to be applied to
the receiver clock period value stored in the clock period reference circuit 256. The summation
circuitry 254 sums the output 272 and the current value of the receiver clock period 274 to generate

the adjusted receiver clock period value 276 that is provided to the timer circuit 230. The adjusted
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receiver clock period value 276 is provided as a count value and an offset value in some
implementations of the CAN receiver 200.

[0027] The nudge circuit 248 accumulates values of the output 266 that are too small to cause
the gain circuit 252 to produce an output 272. Figure 4 shows an example nudge circuit 400. The
nudge circuit 400 is an implementation of the nudge circuit 248. The nudge circuit 400 include
counter 402, gating circuitry 404, and gating circuitry 406. The counter 402 is coupled to the
gating circuitry 404 and the gating circuitry 406. The counter 402 is reset by the output 272. That
is, when the output 272 is active to produce a change in the adjusted receiver clock period value
276, the counter 402 is reset. When the output 272 is active and the output 266 is greater than zero,
the gating circuitry 404 generates a signal 408 that increments the counter 402. When the output
272 is active and the output 266 is less than zero, the gating circuitry 404 generates a signal 410
that decrements the counter 402. The counter 402 produces the output 268 that is summed with the
output 266 by the summation circuitry 250 to generate the output 270 provided to the gain circuit
252.

[0028] The filter 206 also include state storage circuitry 211. At the end of each packet, the state
storage circuitry 211 stores the various values generated during reception of the packet. For
example, the state storage circuitry 211 stores a copy of the values in the sample registers 240, a
copy of the values in the sample registers 244, a copy of the values of the clock period reference
circuit 256, and/or a copy of the value of the counter 402 in shadow registers (e.g., registered
dedicated to back-up storage of the values). The values stored in shadow registers are restored to
the filter circuit 206 if the next received packet is not identified as a CAN frame by the frame
detection circuit 202. By restoring the state of the filter produced during reception of the last
identified CAN frame, the CAN receiver 200 prevents corruption of receiver timing due to
adjustments made during reception of non-CAN packets.

[0029] The sampler circuit 208 is coupled to the measurement circuit 204 and the glitch filter
circuit 210. The sampler circuit 208 samples the packets received by the CAN receiver 200 based
on receiver bit timing information provided by the measurement circuit 204. For example, the
sampler circuit 208 samples the packets received by the CAN receiver 200 based on the bits,
counts, and offset values generated by the timer circuit 230. The sampler circuit 208 outputs a
received bit value 278 and/or a sample time value 280 in some implementations of the sampler

circuit 208.
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[0030] Figure 5 shows a flow diagram for an example method 500 for receiving a CAN packet
in accordance with the present disclosure. Though depicted sequentially as a matter of
convenience, at least some of the actions shown can be performed in a different order and/or
performed in parallel. Additionally, some implementations may perform only some of the actions
shown. Operations of the method 500 are performed by an implementation of the CAN receiver
200.

[0031] Inblock 502, the CAN receiver 200 is receiving a packet.

[0032] In block 504, the frame detection circuit 202 performs CAN frame detection. The CAN
frame detection includes sampling the packet being received at multiple sampling rates, where
some of the sampling rates are higher than a nominal bit rate; and some sampling rates are lower
than a nominal bit rate. A frame detector analyzes the results of sampling at each sampling rate to
determine whether the packet is a CAN frame. The packet is deemed a CAN frame if, at the end of
the packet, any frame detector identifies the packet as a CAN frame.

[0033] In block 506, the timer circuit 230 measures the time between two consecutive dominant
(falling) edges of the packet. The time between the dominant edges may range from two to ten bit
times.

[0034] In block 508, the error calculation circuitry 231 determines a value of the bit time error in
the timing of the CAN receiver 200 based on measurement values (bits, count, and offset) provided
by the timer circuit 230. The value of bit time error includes the percent error value 237.

[0035] In block 510, the error calculation circuitry 231 limits the percent error value 237 to a
range selected based on prior error values generated by the error calculation circuitry 231. For
example, the error calculation circuitry 231 may limit the percent error value 237 to a small range,
a mid-range, or a large range depending on a magnitude and direction of change in the filter circuit
206 as defined by previous error values generated by the error calculation circuitry 231.

[0036] In block 512, the filter circuit 206 adjusts the receiver bit timing (i.e., the adjusted
receiver clock period value 276) based on the clipped value of the percent error value 237
generated in block 510. The adjustment includes accumulating, in the nudge circuit 248, error that
is too small to cause an adjustment in the bit time of the receiver and adding the accumulated error
to the value of the error to adjust the bit time of the receiver.

[0037] In block 514, reception of the current packet is complete, and the frame detection circuit

202 identifies the packet as a CAN frame, or as not a CAN frame. If the packet is not identified as
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a CAN frame, then in block 516, the filter circuit 206 restores the values of the filter circuit 206
that were stored at the end of the last identified CAN frame preceding the current packet. If the
packet is identified as a CAN frame, then in block 518, the filter circuit 206 stores the values of the
filter circuit 206 generated by operation of the filter circuit 206 during reception of the current
packet.

[0038] The above discussion is meant to be illustrative of the principles and various
embodiments of the present invention. Numerous variations and modifications will become
apparent to those skilled in the art once the above disclosure is fully appreciated. It is intended that

the following claims be interpreted to embrace all such variations and modifications.
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CLAIMS
What is claimed is:
1. A controller area network receiver, comprising:
a measurement circuit coupled to a bit stream input terminal, and comprising:
a timer circuit coupled to the bit stream input terminal and a reference clock
generator circuit; and
error calculation circuitry coupled to the timer circuit;
a filter circuit coupled to the measurement circuit, and comprising:
error clipping control circuitry coupled to the error calculation circuitry; and
clock period adjustment circuitry coupled to the error calculation circuitry and the
timer circuit; and
a frame detection circuit coupled to the filter circuit and the bit stream input terminal.
2. The controller area network receiver of claim 1, further comprising a sampler circuit
coupled to the measurement circuit.
3. The controller area network receiver of claim 1, wherein the timer circuit is configured to
count:
a number of reference clock cycles between consecutive falling edges of a bit stream
received at the bit stream input terminal; and
a number of bit times between the consecutive falling edges of the bit stream received at
the bit stream input terminal.
4. The controller area network receiver of claim 1, wherein the error calculation circuitry
comprises a percent error circuit configured to determine a value of percent error in a reference
clock with respect to a bit stream received at the bit stream input terminal.
5. The controller area network receiver of claim 4, wherein the error calculation circuitry
comprises a clipping circuit comprising;
a first limiting circuit coupled to a first output of the percent error circuit;
a second limiting circuit coupled to the first output of the percent error circuit;
a third limiting circuit coupled to the first output of the percent error circuit; and
a multiplexer coupled to the first limiting circuit, the second limiting circuit, and the third
limiting circuit.

6. The controller area network receiver of claim 5, wherein:
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the error clipping control circuitry comprises an output coupled to a select input of the
multiplexer and an input coupled to a plurality of sample registers (240); and

the sample registers are coupled to a second output of the percent error circuit.
7. The controller area network receiver of claim 5, wherein the clock period adjustment
circuitry is coupled to an output of the multiplexer, and configured to adjust a number of cycles of
the reference clock corresponding to a bit time of the bit stream based on a clipped percent error
signal received from the multiplexer.
8 The controller area network receiver of claim 7, wherein the clock period adjustment
circuitry comprises a nudge circuit comprising a counter configured to change the number of

cycles of the reference clock based on values of the clipped percent error signal accumulated over

time.
9. The controller area network receiver of claim 1, wherein the frame detection circuit
comprises:
a first sampling circuit coupled to the bit stream input terminal;
a second sampling circuit coupled to the bit stream input terminal;
a first frame detector coupled to the first sampling circuit;
a second frame detector coupled to the second sampling circuit; and
a voting circuit coupled to the first frame detector and the second frame detector.
10. The controller area network receiver of claim 9, wherein:

the first sampling circuit is configured to sample, at a first sampling rate, a bit stream
received at the bit stream input terminal;
the second sampling circuit is configured to sample, at a second sampling rate that is
different from the first sampling rate, the bit stream received at the bit stream input
terminal;
the voting circuit is configured to determine that a controller area network frame has been
received based on:
the first frame detector determining that a controller area network frame has been
received; or
the second frame detector determining that a controller area network frame has
been received.

11. The controller area network receiver of claim 9, wherein the filter circuit comprises state

13
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storage circuitry configured to:

12.

13.

14.

store state information at an end of a received controller area network frame; and

restore stored state information to the filter circuit responsive to the frame detection circuit
determining that transitions received via the bit stream input terminal do not form a
received controller area network frame.

A method, comprising:

measuring, by a controller area network receiver, a time between a first falling edge of a
packet and a second falling edge of the packet;

determining, by the controller area network receiver, an error in a bit time of the controller
area network receiver relative to bit time of the packet based on the time between
the first falling edge of the packet and the second falling edge of the packet;

limiting, by the controller area network receiver, a value of the error based on previously
acquired values of the error;

adjusting, by the controller area network receiver, the bit time of the controller area
network receiver based on the value of the error;

detecting, by the controller area network receiver, whether the packet is a frame of
controller area network data; and

restoring, by the controller area network receiver, based on the packet not being a frame,
parameters used to perform the limiting and adjusting stored responsive to a
previously received frame.

The method of claim 12, wherein the measuring comprises:

counting a number of reference clock cycles between consecutive falling edges of the
packet; and

counting a number of bit times between the consecutive falling edges of the packet.

The method of claim 12, wherein the limiting comprises selecting one of a plurality of

clipping ranges to apply to the error based on a sum of the previously acquired values of the error.

15.

The method of claim 12, wherein the adjusting comprises accumulating values of the error

that are too small to cause an adjustment in the bit time of the controller area network receiver and

adding an accumulated error to the value of the error to adjust the bit time of the controller area

network receiver.

16.

The method of claim 12, wherein the detecting comprises:

14
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sampling the packet, at a first sampling rate;
sampling the packet at a second sampling rate that is different from the first sampling rate;
and
deeming the packet to be a frame based on identifying a frame at the first sampling rate or
identifying a frame at the second sampling rate.
17. A controller area network receiver, comprising:
a measurement circuit comprises:
a timer circuit configured to measure, a time between a first falling edge of a packet
and a second falling edge of the packet; and
error calculation circuitry configured to determine an error in a bit time of the
controller area network receiver relative to bit time of the packet based on
the time between the first falling edge of the packet and the second falling
edge of the packet;
a frame detection circuit configured to detect whether the packet is a frame of controller
area network data; and
a filter circuit coupled to the measurement circuit and the frame detection circuit, and
comprising:
error clipping control circuitry configured to limit a value of the error based on a
sum of previously acquired values of the error;
clock period adjustment circuitry configured to adjust the bit time of the controller
area network receiver based on the value of the error; and
state storage circuitry configured to restore, based on the packet not being a frame
of controller area network data, parameters of the filter circuit generated in a
previously received frame of controller area network data.
18. The controller area network receiver of claim 17, wherein the timer circuit is configured to
count:
a number of reference clock cycles between consecutive falling edges of a bit stream
received at a bit stream input terminal; and
a number of bit times between the consecutive falling edges of the bit stream received at
the bit stream input terminal.

19. The controller area network receiver of claim 17, wherein the error calculation circuitry

15
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comprises:
a percent error circuit configured to determine a value of percent error in a reference clock
with respect to a bit stream received at a bit stream input terminal;
an error clipping circuit coupled to the percent error circuit and the error clipping control
circuitry, and comprising:
a first limiting circuit coupled to a first output of the percent error circuit;
a second limiting circuit coupled to the first output of the percent error circuit;
a third limiting circuit coupled to the first output of the percent error circuit; and
a multiplexer coupled to the first limiting circuit, the second limiting circuit, and the
third limiting circuit.
20. The controller area network receiver of claim 19, wherein the clock period adjustment
circuitry comprises a nudge circuit comprising a counter configured to change a number of cycles
of the bit time of the controller area network receiver based on values of the percent error

accumulated over time.
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